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A METHOD FOR THE DESIGN OF COOLING SYSTEMS
FOR MIRCRAFT POWER-PLANT INST LLATIONS.

By Kennedy F. Rubert end George S§. Knopf
INTRODUCTION

A method of orzanizing design calculations for the cooling systems
cf aircraft power-plant installations has been developed for use by
representatives of airplane and engine companics invited by the Materiel
Division, frmy Alr Corps Liaison Cffice to participate in the activi-
ties of the NACA power-plant installation section at the Langley
Hemorial feronautical Laboratory, Langlcy Field, Va,

A schematic arrangecument of a hest exchanger with a cooling-air
duct is shown in figure 1. The system consists of three parts:
(1) the entrance duct, which slows down the cooling air and converts
most of its dynemic pressure to static pressure; (2) the heat exchanger,
in which some of the ststic pressurs is lost; and (3) the exit duct,
which converts to dynanic pressure any surplus of static pressure
above the value at the exit.

At station O 1in the free stream ahead of the entrance, the air
has & static pressure Py, a velocity Vg relative to the duct, and
& dynamic pressure Qe As the air approaches the entranrce at
station 1, its velocity decrcases, and the dynsmice pressure is partly
converted to stetic pressure. From stetion 1 to station 2 the
velocity continues to decrease, usually to the peint whers the dynamic
pressure is negligible, with a corresponding further inerease in static
pressure., As a result of the losscs in the entrance section, the
increase in stastic »ressure from station 0 to station 2 is less than
the decrease in the dynamic pressure.

The air on entering the heat exchanger is sccelerated because of
the rcduction in frec arca and on leaviug is decclerated to e velocity
cyual to the velocity at station 2. The internal resistance of the
heat exchanger causes n rcletively large loss of stetic pressure.

From station 3 te the outlet the static pressure drops teo that of
the free streem, and the dynemic pressure riscs to a volue less than
that of the frec-strcam dynemic pressure by an amount equal to the sum
of the losses of the entire system.

The eddition of heat te the cooling air in the heat exchanger
makes no change in these fundomentel prineiples; but, in the calculation
of the internal horsevower and the exit aren, the effect of the heat
rn the density of the elr must be taken into account,



SYIBOLS
A . duct cross-scetional area, sjuare feet
Fo compressibility factor
M welight rate of air flow, pounds per szcond
P static prossure, pounds per square foot
AP pressure loss, pounds pcr squere foot
Q volume rste of air flow, cubic fect per sccond
T temperaturc, OF absolute =
AT temperaturc rise, OF
v veloeity, feet nor sccond :
g reecleration of gravity, iret por second por sccond
q dynamie pressurce, pounds ner squire foct
p mrss density, slums ner cubic foot
o relative density 6?5%?37§
w width

Subscripts;

0, 1, 2, 3, I} strtion numbers es in fipure 1
ILLUSTR.TIVE EX/ITPLES

Computctions selected from on rnalysis mrdo in eonjunction with
one of the designs develoned by members of tho HACS powcr-plant in-
stallation scction nre used to domonstrote the system of ealculn-
tions, Design vealues that oceur throughout thoe oxemnle have boen
selected for the particular desisn 'mder ecnsiderstion; whore
possible, rcfeorences arc listed for sclecting similar wvelues for
othar types of desims, :

The npower-pleant installstion was designed fer n leonge-range
bombor, powercd by four 2000-herscpower ongincs syuipned with turbo-
suporehargoers, The portinent drte for the engines rre given in toble
I and for the sirplrne performance rre giver in toble II,

& genorel arrengement of tho power-plent instullation is shown
in figure 2. A11 cooling end chrrge sir is teken in st the nosc of
the cowling, Alr for tho sunerchergor intnke, il coolers, and
intercoolers enters through the outer rnnulus rnd flows turough ducts
distributed sround the periphery of the cngine, Cooling wir for the
engine flows threugh the inner nnnulus over the engine and is dis-
cherpged through outlets botwoen the chrorpe-cir and the cooling-nir
ducts,
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All cooling calculations are based on Army summer air, which has
the same pressure as standard air (reference 1) but has a temperature
LO® F greater than standard throughout the range considered, Pro-
perties of this air are given in table III,

Engine Cooling System

Detailed computations for the engine coeling system at the high-
speed condition, under normal rated power at 20,000 feet, are pre-
sented in form A, which is the master Jorm suggested for use on all
cooling systems of the power-plant installation. The free-air con-
ditions for pressure, temperature, and density are first selected from
table III for station O snd entecred in the form

o
L}

o = 972 1b/sq ft

o L87° F abs.

-3
1

= 0,001160 slugs/cu ft

mn
[l
|

From table II for 20,000 fcet the high speed in Army air under normal
power is 358 miles per hour, corresponding te Vg, = 525 feet per sccond,
The dynamic pressure is

1 2
q='2'pvo Fo

where the compressibility factor F, derived from refercnce 2 is

given by thc rclation

[

F

=1 + 1.0%5 + e

2
¢ (V'(;‘:', ) -+ 0.lpz L(VO/;‘OO)

Therefore ) r 2

o2 2
F, =1+ 1.035 (5'2; + 0,22 iﬁﬁ%%l— = 1,063

and
1 . 2
e = 5 0.001160 x (525)¢ x 1,063 = 170 1b/sq £t

Station 1 has been included in order to orovide in cortain flight
conditions for an increesc in pressurc through the propcller or for a
detailcd analysis of the losscs for s complicated inlet duct,  For
the casc ot hand, the computations of thc values for this station are
UNnecossary.,
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The properties of the ccoling air in front of the engine at
station 2 are now regquired to determine the amount of air necessary
for engine »oo0ling. Inasmuch ns the dynamic pressure at station 2
is swall, the computations mey be simplified by ascuming that &ll
dynamiec pressure exclusive of duct losses 1is converted #c statie proge
sure.

Tre tvoc columns in form A under the heading Transition are for
recording the changes that ocewr hetween the preosding station and
the station under consideratioas The c¢slumn headed AP gives only
the lossea of total pressure; conversglons of dynamiec pressure to
statTo yressure or vice verse are not included in the values in this
solimns The column for AT shows values fur the change in tempsra-
ture, vegardless of causs, and includes both adlabetie changes and
ehanges due to heat transfers.

For the entrance duot upsd in the desipgn it s vrobable thad
aprreximately G0 percent of ihe free-strecam dynamie pressure can he
converted to static pressure at the front face of the engine. 1In
other words, the entranes-diffuser loss is estimated to be 1D percent
of the free-stream dynsmie pressure, 17 pcunds per square foot.
Acoordingly,

Po = 972 + 170 = 17 = 1125 1t/sq ft

The temperature rieso dus to adiabatic sompression of tre air
in the diffuser inlet can he expressed in terms of the velocities

g8lnne
AT 0,532 ‘/VC’Y (..}Vz\e
N A RS oy

This expression ls derived from reference 3,

As vreviously noted, Vs is negligitle, and the temperaturs
rise used for the oomputation is

2
D832 [mmi = 0,832 (£, -
32(100 . (5e25) 3 F

Bence, the abgolute temperature of the air at the front face of the
ongine is

To = LBT ¢ 25 = 510° F abs,

The mass density of the air may now he corputed from standard
sea-lovel density as followss
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P .
by = 0,002378 X EE%B X 121&

P
- o.000583.T§L= 0.001285 slugs/cu ft
2

The varlous engine manufacturers use different methods for ar—
riving at the amount of cooling alr required and the corresponding
pressure drop. All thess methods, howsver, require a knowledge of
the condition of the air at the front of the engine. A typlcal ex—
emple of such a method i1s to be found in reference 4, For the case
of form A the required air flow is 37,3 pounds por second and the
corresponding pressure drop 1s 51 pounds psr square foot,

The computation of the velocity at the face of the engine is now
possible., In this case tho velocity 1s found to be about 60 feet per
gecond, not enough to make any appreciable change in the static
pressure (~2.3 1b/sq ft) or in the absolute temperaturs (=0.3° F abs.)
at the face of the engine; hence, the dashes in the table indicate that
the quantities regarded as zero are allowsd to stand.

Bohind the engine at station 3, the transition column shows the
51 pounds per square foot pressure drop given by the manufacturer and.
Inasmuch as the dynamic pressure 1s negligible, P3 =Py - AP2_3
= 1125 — 51 = 107k pounds per sguare foot, The temperature change
1s dbtained by dividing the heat reJjection from the engine (25,000 Btu
per min specified by manufacturer) by the specific heat of air and the
welght rate of air flow.

_25000 ., 1 o 1, o
AT 5 X X373 =T

and i
T3 =T, + & = 510 + U7 = 557° F abs.
It 1s unnecessary to evaluate the Rensity at this station.

The pressure loss from station 3 to station 4 1s estimated to be
> percent of gq, or 8.5 pounds per square foot. TFor simplicity, 1t
1s sssumed that the exit process consists of & pressure loss without
change of temperature followed by an adiabatic expansion, The air is
therefore regarded as expanding adiabaticelly from a temperature of
557° F and a pressure of 1074k — 8.5 = 1065.5 pounds per square foot to
free-stremm static pressure at the exit, 972 pounds pser squarse foot.
From the thermodynamic properties of perfect gases, the absolute

temperature at the end of such an expansion is the product of the initial

temperature and the 0.286 power of the ratio of final to initial pres-
gures



o7 0.286
Tu 557 (1‘géjg“, - = 5l2,56° F ebs.

& temngraturs drop of 1l 1© 7,

The ‘satisfrctory, ovnlustion of the ¢xit velocity requircs rn
aecuprgy of four significont figures in the vrluc of AT &nd
nocessitatas, the use of logarithms.,  As this osrocess is ndinbetie,
the exib velocity cen be qbtained dir-ctly from.the tempersturs drop,
end :

\ 2
100

L v
Tj_h = —O 83(. (b_):}')

v: 100“{1} phhoL 68 pe/sce o -
0 5136. ! :

-Upon determinatisn of the density of the rir ot the éxit snd
by use.of tho »roeviously abtrined weight-flow rate, tae volunc-flow
rate is found to he lllO.c sble fact ner sceond. | AL tie oxit
veloeity of L16.8 foot pur sccond, an oxit arce of 2.66 squre foot
is requircd. ... . . N Co o

- The intafﬁél‘pdwcr OOHSJFOthu of thc engine COOllnp syst-m is
obtainced from the rate of chonge of momentum of the cooling wir,
weight/sce Yo (Vo - V) 37.3 525 (525 - L16) _ 121

Owing to the menncr in which tho no"‘r hrs beon computed, theo
Meredith offcet duc to “he nddition of host is ineludid. A dis-
cussion of thx roletion of ] ;rcdith cfcht to ceoling horscpower is
given in rofordnce Gyo 0 T T T e 0T e 0 T o

The resualts of similer colculstibns on this rnd 'othur opereting
conditions over fltitudo renggn. from sern level to 25,000 fuct oro
given in tables IV, V, rnd VI, ~ Tho varistion »f <npglne cosling-«ir
cxit srom with Pltltud" and condltihn of fll ht is anQbutsd ' ‘ '

ruphlc lly in fl?br“ 3. T - D
R : il Cocler

It is nteessary to swluct an oll enolur buferc proceocding
with the anelysis »f the systcm contnining tho coolor, Buecuss sn
o0il cooler sdoyuste for elimb rt sce lovel is usuelly sotisfuactory
for all cther fllgkt conditions, a prcliminsry choige 1s mnde on this
basis.



Duotn on eormureirl oll coolurs rre ofturn nrosanted in curve
form, ns showr in fipure L, Tic curves show the nort treasfor

o Btu/ﬁin
100° I tump, diff., «v. 0il and wrboering oir

nlotted arinst cooling-sir Mo in nounds »or rminute for sovarsl
retus of oil flovr, An cdditieirl curve siows the pressurs drop
roguired te aroducc cny flow rete »f steideyd sco-lovel sir,  For

rLy other conditlion the sriss re drop is determined by dividing thoe
vilue obbrlned from the curve by <55, tae roletive deonsity of the air
:t bne feeoe of the coolir,

The cagine s» ciflertions in toble I ecll for ¢ nuat rojiction to
oll ~t militery oovr of €500 Bbtu oor ninuvte cnd for o tuenocr-ture
1659 F for oil robtnriing o the ungiu., Thi reto of oil flow is

powids acr minutoe.  With mn onsocwaed sncexfic hort for Hho oil of
Btu por pound sur OF, tho torirctirs dron of the oil Yhroagh the
ool r is 969 F rnd the overs . coolur bomnercturs is 6920 F, <“banlute,
ho tommuercture of the cir % the coolur Irew, obtrdnce in %he srme woy
e in the cngine cooling xrmnl:, is 5¢3° P Incamuch s Swo oil
coolirs which rro simili e wish rigred to both ~ir .nd o1l flow rr. to

Y N - L T Y. : bo e e 4 Vg - 1. oyt :
boe wed, the hest trengfor for oreh unit is

o
Voo
5
¢

= Q O~ 0
.
LSRN 3}

6500/2
(692 - 5£3) /150

-

rnc. khe robo of 21l flow sir unit is 67.5 nourds 9or minate. From
figurs 4 cr eir flow of L15 sounds wr minat is roguired with ¢ oreg-
sur. drop of 7 iuch.s of rtur in swrnderd sor-lovel rir, Ins amuch
~s the demsity of the rir +t the esolor freo rol tive %o strnd:vd scue
lovel rir is 00347, th. retw )l prossur. drop is

L= 7.0, i, wetor = 36.5 1b/eq Pt
0.9L7

From tnis noint on, the rn:lysis for dotirmining the duet cait crea

~nd She dnternel hersomoosr is o eiscely the srme #s the t for thoe

nmine encling-rir svstomn, Trbles IV, V, ~nd VI irelude the rosults

of tne commutntions for 11 fiizht conditions considor.d; oxit ro.s

“ri shown in fizur: 5,



Intorcoolur

tho woight rote of flow of unginc chrrge ¢ir ond the roquired inber-
coolor wffictivencss, The offictiveness is defincd cs the r:tio of
the tomnerature dron of the engine chrrgo rir es it goos through the
coclar to the tumscrsture difforonec butwoen the hot chorge «ir ond
the coolirg rir os thoy wntur the eooler,

Tvo fretors mainly detirming the scloction of rn intorcoolur;
;

The temnercburcs of the eir oentoring the supcerch rger ond the

& f &
cooliug rir cntoring the intorceol r orroe deturmincd in thoe sonce monns
s is thi temnerrturc of the ¢ir ot the free of the cuginc,

The sbsolube toaapor-turs of tho =ir lenving the supcrehcrger

Ty, is obteincd from tho rol:r tien

T rbsolate © rebure of ~ir onbt.orirg suoorchrrger

Ps tot~l sressurc of rir cntoring sworehnrg.r
Py tobsl orussare of oir leonring suporelirrgor
Fa

temporoture reties officivnicy of superchrrgor

As rn ox-mple, considor the climb for normerl roted nower ot
25,000 foot in Army cir, the tebulrr comput:tions for which noporr in
form B. The ~ir ct the ontrinece to $he sup rehrrger hrs ¢ oprossure
of 855 pounds nar squre foot ond ¢ tumoperevure of ha2 F, From tible

I the rogquired errburctor nrescur. for normel reted pow.r is 2¢.1
inches of moreury. An rllovennece of 1.35 imcucs of noreury is medce

for »rossuro losscs from tho sunireharg.r ostlot through the intor-
cooler to th: earburster inlct, mekinp the necissry supurohe rger
eutlet nressurc 22.45 inches of rwreury or 2051 nounds xr squre
foot. With ¢ temoorature officiiney rtio of 0.5, tho sup .rehirger
outict temperstura

hee ¢1 + -1 = (999 F cbs,

=



0

The rejuirced crrourctor tiumnercture from toble I is 10C0° F
(559° F -bs.) ~nd the cooling rir ¢t the entrarce of th: int.rcooler
is LG20 F sbsolute, The roguired cffectivencss is thsrcfors

Tsunerchﬁrgor outlet " Tearburctor .69 - 559 065

Tsupcrcherger outlct"Tbooling—air inlet 639 - L2

At normnl power the charge-cir comsumptior, which riust o e
to this effectiveness, is 3,88 pounds per seccoud. The rusber o
poseible inturcoolors to mesot thess conditions is unlinited bat is
successively nerrowed down to mect conditions of prossure drop
nvailable, spece limiteotion, ¢nd power regyuired, The unit inwvesti-
grted mensures & inches in the dircetion of cooling--ir flovw, 14
inches in the dircction of elisrgs--ir flow, rnd [1.5 inches in thoe
no~flov: dirsetion, Chrrecteristies of this wunit ropliceble to nny
no-flow length "ro orusented in figure 6, (An exnlerntion of tiis
tyoc of curve is given in rofercncs 6, toguther with similcr curves for
o vrricty of intercoolers. Chrris for tho desizr of certain tyncs
of tubulrr int:ircooler are given in roforcncss 7 #nd 6,) Entering
with » chrarge flow por inch of width of 72.88 »nounds »er sccond
=11.5 inchos = 0,0935 pound ner sceond our ineh zive
th. ehrrge oir, o value of 5.6 irches of wotor, The intorscetion of
this viluc with r coolur sffectiveness of 0.6L5 indiertus 01 ,.¢NP1
for the cooling rir, & wrluc of 2,98 inchos of wabcr fnud o cooling-rir
flow retc of 0.19 pound sor sceond wr inch, or 7.98 pounds pir sceoand,
neking the retio of enoling-uir flow to ch-rgo--ir flow O.l9/b.0935
= 2.,0L. The tormeorature rise of th: ceoling «ir is the tursorasture
Zroy of ~the chrrge rir divided by the ratio of cooling air to-churge

L 140
cirg - = 68,5° F, snd the moern tomperctar: of the «ir is the
2.0l

tommirsture »t the ontrancs rlus ono-~-helf this tonpornture rise,
Lg2 + 3.3 = 516% F sbsoluts,  Corrospondiug to shis temperet
to « -rissure ¢t the cntronce of 855 pownds por square froot, the
"vercge rulrtive density of thoe cooling air 03 = 0,405, :ni

T o, ,bPn  for

o1 i3

: - . - . 1,451 F RSy

cctunl pressurs iron of the oooling ir is ST D32 7,82
) Cloy C.1.05

inches of water, or 51.1 nounds per squere foot.

With the forsgoing inforivtion it is nov prssible te compute
the velocity of the cooling rir nt the cxit end the a~ren of bthe exit
as wes done for the ongirno-conlings srstonm, About 76 poreont of the
originel dynandc nrossurce for the elinmb condition urnder consi‘eration
hes beoen expendoed in pressurc losscs by the time the rir srrives ot the
reor of the interceolor, The oxit wiloelty to bo eronted vwith the
remcining enorgy is so low Bhet oxecssively l-rpo exit arcess would be

ey



roguired, Exteonusion of exit flops docrcrscs the stabtic oresurs ot
the ducet exit, meking aveiledble o grortor orossure Siffersuce for ox-
polling the cir, which erurtos o hicher exit veloeity ~nd meles o nore
rorsornble oxit arca possible., Tho enelysis from this poiut on
differs {rom provious crses hrving unextended fleps in thet thoe pros-
sur. rt tho exit (st f1Wﬁ l}) is sub~triosphoerie by o flop boost ustimatod
ts be 0.2q, (16 1Q/sH ). Beeruse of the lorge extorusl drig
¢ffeets in sporction vith extended flrps, intorrnrl horscepower crlculn-
tions in this crss oo regrrdcd as of 1ittie or no v-lic, Srme ex-
perineutrl ressuroments of the Influcnce »I° firns ou the oressure ot
the oxit rrd dreg of the rirplen: ree glvon in rofercncec 9.

The curvesyf oxit creo rs » functlion =L £light econdition and
cltitude in fl-‘r 7 shwwr ti £ the intorennlor investig t2d is srtis-
factory for- cporction ot norrsl roted power but 1s inntequete for
military r ting. The twed for o lerezpr futoresoler enprble ~F
mecting the milidery rabing is cpooront, If it is fourd unidesircoble
ty 1lncroenss the no=flow longtn f the unit, 1t will be necessory to in-
vostipgrnbe ¢ Jiffercnt tyne of coro.

Exit rrens oro Crete of flow of o
through co-liny ducts, Juct irlet is boscd on tho
retic of inlct volocity to D13 }t Vo L“r;fv Vl/vg found by cxpirinent
t» be optimws vith regerdl to the intorivl wotrisee 1oss nd Bhe oxbur-
nel arrg. In the shlv tisn ~f the irdoet rren it hrs boon found cone
venicnt to alat curves ~f ontronca cminst the retic vlfw for
¢ ch mrin flight ¢ niition, i £

L3¢ curves ore hyporbo lvc, thoy
ey be drovm rs LSY straight mn loprritundie pooer, o3 shown for
ths exermnle in figwrs &,

F-r the mein cir inlet, whiech ndnibts the chrrge <ir
eo51ling rirs, the tir lires in fizurs 8 “DTLS:ht the extromos in

B P
rrers reguirced frr hizhesoesd rn clirb ¢ itisnsg with niiibsry nwver
from ser lovel br 25,000 foot. As cir lLlLtS rre asvally of fixed

3

sron, the incluSisn ﬁf flight c¢onaitions in stondsyd rir is neocessory.

Fron coroiynemic ermsidorodi ns o ndndnaey irlet-valecity ratio
v
= = 0.} is cmsidored cssentinl € the oromer functiening f “he

[5]

¢ wling urder consid The curves shw the bt rn o inlet - ren of
L squire feot nocts thls reguircrent I'-r strpwerd oir withat ox-
cessive velnelty rotins f2or clind in Loy cir. Tra spueinl cosc f
scoops is trurted in rofurcnce 10,

<
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COTCLUDIIG REA uKS

The aralyses of desin conditicns for sn intercosler and an
0il conler heve been illustrated rather ther the rethod ~f the
sclection of optimu muits,  Obviously, for a particular airolene
the aveileble sizes and tyrmes »f heat “chan ers sh-ild be considered
ir. rder t: arrive at the bost arrangemsnt with due regerd to the
relstive importarce of the verious fectors involved, Ore such
fac*u rey be weight, »r sinply the diray horsepower associated with
tlte weight, given by the relstisn

T
Eg.x Y
C 550
L
vhere CpALyp, 1s the ratis of the airplare drag to 1ift, end +the

3

welght-drag hp = weilpght x

‘weisht 14 thet ~f the c~sler end ducts. The %t tal norsen wer

chargenble tu a conling system is comprised »f the weipght horscpower,
the intcruel horsepower as calculated i this runort, end the exbornal
h-rses-wer associsted with the effret -f the ﬁ“lAMf_<"s tem on the
externsl eir 1w abuut the airplane, Wind-twwel data are usually
racsgssry for evaluatlion of the exterusl hiorsen wer.

Soace lirmiteations freguently override all ~the r considerasions in
the selcetl on -f coling units, {ten ©o the detrinont Hf ¢-oling
charceteristics rs well a5 abt the esmenss of additional osower, The
importence of scleeting the cooling units in the vory early stapes of
an ~irnlene desipgn in order to be e¢ble t instell units that not
rly vorform thoir function but perform it at o reletively low cost in
hersep wrer ecsnnot be sveromphasizad,

3

There is an ever-irereasing dorand for relisble oradiction ofF
euoling nerforrance »wing to the neccssity of oliminating oxpcrimental
airnlanes arl ~f praceeding irmmedintely from the desizn to large-scole
nrayduction. Buceusce of this situatinsn end the ineronss in the spcods
ard altitudes ~f flight, there 1s on urgent nced f-r cecuarste and more
extersive basic data on the chrraecteristics f engincs, suporchsrgers,
hoat exchnngesrs, and cocling-sir ducts.

€
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0il heat rejecti-n, Btwﬁ:in
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Hart rejection from fins, Stu/min

oaporchdrgvr temper=ture ratlo
efllc1<nﬂv

160
262
0,76
6500
125
185
150

~

3,z

26,000

0.65

100
233
0.79
5500.
1%0
185
05
bL50

{ 3,2

25,000

185
150

2.2
23,800

0.65

0.65

AHizh Speed.

BT imh




I=2vd

13

TARLE II - PERFPORITHNCE D./TA
True sirspeed, moh
Mlitary Forzmal rotod powcr | 0.7
titude p wer ] _n'r@rl reoted
crulsc porwer
(£t) High spzed High snezd Climb |
0 303 - 291 170 259
3,000 31l 701 178 268
6,000 725 311 186 276
10,000 %79 32l 128 288
15,000 357 zh 215 703
20,000 375 358 235 718
25,000 03 375 268 333
20, 000 lao 791 %27 A7

TBLE III - PROPERTIES OF . RMY SUNMTER AIR
Altitude Statie Jbsolate Density, p
(£t) pr'asare, P, | tomdrature, T, (Sivgs/ cu f+)
{1b/sq ft) IVF o obs. ) ]
0 2116 508 0.002210
3,000 1505 51,8 .002015
&,000 1694 537 LC01240
10,600 1453 523 001620
15,000 1192 505 L(01%78
2C, 000 972 L7 L001160
25,000 765 L&D 003075
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Figure 1, - Pressure variation in a cooling duect,
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